SUMMARY
INTRODUCTION

Small GTPases Ras (H-
In the present study, we succeed in solving the first complete tertiary structure of H-Ras-GTP state 1, possessing two surface pockets, through crystallization of -NTA agarose (Qiagen). After further purification by ion exchange chromatography to the final purity of >95%, they were loaded with GppNHp and used for crystallization or NMR spectroscopy as described before (15) . Human c-Raf-1 RBD (residues 51-130) was purified as described (7) .
NMR spectroscopy.
31
P NMR spectra were recorded in the presence or absence of c-Raf-1 RBD on a Brucker AVANCE-500 NMR spectrometer (15) . The 31 P spectra were referenced as described before (14) .
Crystallization of Ras proteins in complex
with Mg 2+ and GppNHp. 
Data collection and structure determination.
The data collections at 100K were carried Table I The γ-phosphate resonance line in the spectrum of M-RasP40D-GppNHp showed a small but significant increase of the state 2 population (at -3.75 ppm) to 13 ± 3% compared to that (at -3.9 ppm) of M-RasWT-GppNHp (7 ± 2%) ( Fig. 4 A and B, Supplemental Table II ). The state assignment of the two peaks of the γ-phosphate resonance line was confirmed by transition of the -2.9 ppm peak to the -3.75 ppm peak by the addition of c-Raf-1 RBD (Supplemental Fig. 3 ). M-RasD41E-GppNHp showed a higher increase of the state 2 population, reaching 21 ± 2%. In contrast, the L51R mutation showed no effect. Further, examination of the combinatorial effects of the mutations revealed that the state 2 population of M-RasP40D/D41E-GppNHp increased to 32 ± 3%, which was unaffected by the addition of the L51R mutation. Likewise, the addition of both the F74Y and E79D mutations to M-RasP40D/D41E/L51R showed no additional effect on the state distribution ( Fig. 4A and B,
Supplemental Table II and III, Supplemental Hoping to obtain structural information pertinent to the state 1 to state 2 transition, the M-Ras mutants with increased populations of state 2 were subjected to crystal structure analyses in their GppNHp-bound forms.
Eventually, we succeeded in solving the structures of M-RasP40D-GppNHp and M-RasP40D/D41E/L51R-GppNHp (Supplemental Table I water-mediated interaction with the α-phosphate (Fig. 2) . Consequently, the backbone structure of the two switch regions of M-RasP40D/D41E/L51R-GppNHp superimposed very well with that of H-RasWT-GppNHp (Fig. 5A) (Fig. 7A) .
Concomitantly, the α2-helix of the state 2 conformers exhibits significant rotation toward the α3-helix compared to the state 1 conformers (Fig. 1A and 5A and acceptor atoms, regardless of whether main chains or side chains of the residues are involved.
The distance was calculated by using the program COOT (25) . 
